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Polyanion-type compounds, such as Li2FeSiO4 and Li2MnSiO4, have been extensively 
studied as one of the most promising cathode materials in Li ion battery due to their low 
cost, high capacity, chemical and structure stabilities, and environmental friendly. 
Theoretical speaking, higher specific capacities can be achieved by exchanging two Li ions 
from this type of cathode materials. However, the deintercalaton voltage of Li2FeSiO4 for 
extracting the second Li ion is too high to exceed the limits of conventional commercial 
electrolytes, while the exchanging two Li ions by Li2FeSiO4 and Mn substituted Li2FeSiO4 
(Li2Fe1-zMnzSiO4) can be realized with severe capacity fades. Furthermore, the causes of 
capacity degradation remain unclear by far. It is, therefore, necessary to deeply explore the 
mechanisms of capacity fading. In this work, by selecting Li2Fe0.5Mn0.5SiO4 as a model 
compound, the first-principles calculations are carried out to systematically investigate the 
delithiation/lithiation behaviors of this compound during a cycle of discharge/charge 
processes. The structural, electronic and electrochemical properties are examined. 
Accordingly, the microstructure evolutions and valence changes of LixFe0.5Mn0.5SiO4 
(0.0x2.0) during delithiation/lithiation are discussed in detail. The fundamental 
mechanisms of capacity fading are elucidated.    
The calculated results reveal that the delithiating/lithiating behaviors of 
LixFe0.5Mn0.5SiO4 (0.0x2.0) are very complicated. There exist two distinctive 
delithiation/lithiation regions. A completely reversible delithiation/lithiation takes place at 
0.625≤x≤2.0, which results in the volume change rates being less than 1.3%. Thus, 
apparent capacity fading will not be theoretically observed. However, the 
delithiation/lithiation processes become fully irreversible at x0.50 because of the 
variations in the microstructures of delithiated/lithiated phases. The curves of formation 
energies for delithiation/lithiation are not overlapped to each other. The differences 
between the delithiation formation energy and lithiation formation energy reach at least 
15.63%, leading to different charge and discharge paths.  















LixFe0.5Mn0.5SiO4 are contributed by the structural transformations occurred during the 
delithiated phase of Li0.625Fe0.5Mn0.5SiO4 is changed to Li0.5Fe0.5Mn0.5SiO4: the stable 
tetrahedral FeO4/MnO4 with 4-coordination are transformed into highly deformed 
polyhedral FeO5/MnO5 with 5-coordination, accompanied by a sudden decrease in crystal 
volume (-13.4%). Since the energy is partly consumed to form additional bonds during the 
formation of 5-cooridation configurations, this portion of energy loss is not recoverable. 
The transformation from the 4-coordination to 5-cooridation configurations becomes one 
way irreversible phase transition from a metastable state to a stable state. Therefore, the 
energies required for the reversible delithiation/lithiation of LixFe0.5Mn0.5SiO4 must be 
supplied externally in order to restore the initial 4-coordination configuration transferred 
from the 5-cooridation configuration. The lithiation process can not take place 
spontaneously when the compound is overly delithiated to x<0.625, which may lead to 
capacity degradation. 
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